Abstract. MicroRNAs (miRNAs) are short, non-coding RNA molecules that act as regulators of gene expression. Circulating blood miRNAs have potential as cancer biomarkers. The main objective of the present study was to assess the effect of miRNA-23b (miR-23b) expression in plasma on the diagnosis and prognosis of colorectal cancer (CRC). Reverse transcription-quantitative polymerase chain reaction (PCR) was used to measure miR-23b expression levels, and methylation-specific PCR was used to test the promoter methylation status. Subsequently, the expression level of miR-23b in plasma samples was compared between CRC patients and healthy control individuals. The miR-23b expression levels were significantly lower in CRC cells and primary CRC tissues than in nonmalignant colorectal tissues (P<0.001). It was also shown that miR-23b expression is downregulated by promoter methylation and can be restored by demethylation agent treatment. miR-23b was significantly decreased in plasma samples from CRC patients compared with the healthy control individuals (P<0.001). The value of the area under the receiver operating characteristic curve was 0.842 (sensitivity, 84.38%; specificity, 77.08%; 95% confidence interval, 0.763-0.922). Low plasma miR-23b expression was significantly associated with clinical stage, tumor depth, distant metastasis and tumor recurrence. CRC patients with low miR-23b expression in plasma exhibited a shorter recurrence-free survival time and poorer overall survival rate. The present results suggested that the downregulation of miR-23b in the plasma has the potential to be a diagnostic and prognostic biomarker in CRC.
Introduction
Colorectal cancer (CRC) is one of the most frequently diagnosed cancers and is the fourth most common cancer diagnosed in males and the third in females (1) . In China, CRC has become the fifth most common malignancy and its incidence has shown an evident increase over the previous decade (2) . The majority of cases of CRC are diagnosed at an advanced stage of disease, due to inconvenient methods of current CRC screening tests. Colonoscopy has been promoted for the detection of malignant lesions, but the requirements of bowel preparation and the invasive nature of colonoscopy have impeded its widespread application as a screening tool (3) . Therefore, there is a requirement for noninvasive biomarkers to supplement and advance current diagnostic and prognostic tools in CRC.
MicroRNAs (miRNAs) are small (23-25 nucleotides in length) endogenous non-coding RNAs that negatively regulate gene expression at the post-transcriptional level through RNA interference (4, 5) . miRNAs are essential for various biological processes associated with carcinogenesis, such as proliferation, apoptosis, metastasis and differentiation (6) (7) (8) . Previous studies have demonstrated that miRNAs are abnormally expressed in tumors and contribute to the initiation and progression of CRC as oncogenes or tumor suppressors (9) (10) (11) . Furthermore, miRNAs can be detected in tissues and blood samples, which can be easily obtained from individuals. Mitchell et al (11) showed that miRNAs are present in human plasma in a stable form that is protected from endogenous RNase activity. Numerous studies have been focused on cancer-derived miRNAs in the circulation system from cancer patients (13) (14) (15) , which suggests that plasma miRNAs are novel noninvasive biomarkers for the diagnosis and prognosis of cancers.
Among miRNAs, miRNA-23b (miR-23b) is a member of the miR-23b/27b/24 cluster (9q22.32) and has been described as an epigenetically silenced gene in prostate cancer (16) . Functionally, overexpression of miR-23b significantly inhibited migration, proliferation, invasion and tumor growth (17) (18) (19) . In accordance with its tumor suppressor role, miR-23b has been found to be downregulated in numerous cancers (20) (21) (22) (23) (24) . However, data concerning the association between the expression of miR-23b in plasma and CRC were not reported yet. Therefore, to the best of our knowledge, the present study Downregulation of mir-23b in plasma is associated with poor prognosis in patients with colorectal cancer CHANG-HUA KOU   1*   , TIAN ZHOU  2* , XI-LIN HAN   1 provides the first evidence for epigenetic regulation of miR-23b in CRC, and the expression levels of miR-23b in the plasma of patients with CRC. In the present study, the expression of miR-23b in CRC cell lines and paired CRC tissues was validated, and the methylation status of miR-23b in CRC cells was assessed. Subsequently, the expression levels of plasma miR-23b were evaluated in CRC patients and healthy individuals to determine whether there was an association between the expression of miR-23b and the clinical outcomes of CRC patients.
Materials and methods
Patients and samples. A total of 96 blood samples were obtained from patients that underwent tumor resection for CRC between January 2009 and February 2010 at the Departments of Oncological Surgery and Gastroenterology at the Central Hospital of Xuzhou (Xuzhou, China). All patients did not receive anticancer intervention, including chemotherapy or radiotherapy, prior to surgical resection. No participants had a history of cancer. For the control group, blood samples from 48 healthy individuals with no colonic disease were obtained at the hospital. The healthy individuals were matched to the CRC patients according to age and gender. In total, 20 tissue specimens (10 malignant tissues and 10 adjacent non-malignant tissues) were snap-frozen at the time of surgery and stored at -80˚C until use. All patient samples were checked microscopically for the presence of malignant tissue. Adjacent non-malignant samples were obtained from tissue that appeared morphologically normal. Clinicopathological data were collected from the medical records of patients. The tumor-node-metastasis (TNM) stage was assessed according to the criteria of the American Joint Committee on Cancer (25) . The experimental protocol was approved by the Clinical Research Ethics Committee of the Central Hospital of Xuzhou, and written informed consent was obtained from all patients.
Cell culture and 5-aza-2-deoxycytidine (5-Aza) treatment. In total, 5 human colon cell lines, consisting of the LoVo, SW480, HCT-116, HT-29 and Caco-2 cell lines, were purchased from the American Type Culture Collection (Manassas, VA, USA) and were incubated in 5% CO 2 at 37˚C. LoVo cells were cultured in Ham's F12-K medium, SW480 cells were cultured in RPMI-1640 medium, Caco-2 cells were cultured in minimal essential medium, and HCT-116 cells and HT-29 cells were cultured in McCoy's 5A medium. All media were purchased from Sigma-Aldrich (Merck Millipore, Darmstadt, Germany) and supplemented with 10% fetal bovine serum (Thermo Fisher Scientific, Inc.). The demethylation treatment was performed with a commonly used concentration (5 µM) of 5-Aza (Sigma-Aldrich; Merck Millipore). The fresh medium containing 5-Aza was changed every 24 h for 3 days and treated cells were harvested at 72 h.
Plasma preparation and RNA extraction. Plasma samples were obtained by centrifuging the peripheral blood (3 ml; collected in EDTA-K2 anti-coagulant tubes) at 1,400 x g for 20 min and at 13,400 x g for 10 min at 4˚C. The plasma samples were aliquoted and stored in clean tubes at -80˚C for further analysis.
Total RNA (including miRNA) from tissues or cells or plasma samples was extracted using Qiagen miRNeasy Mini kit (Qiagen, Inc., Valencia, CA, USA) and Ribopure Blood RNA Isolation kit (Ambion; Thermo Fisher Scientific, Inc.), according to the manufacturer's instructions. The concentration and quality of the isolated RNA was assessed on a NanoDrop ND-1000 Spectrophotometer (NanoDrop, Wilmington, DE, USA). RNA samples were stored at -80˚C until use.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). miR-23b was reverse transcribed using the TaqMan Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). RT-qPCR was performed using SYBR Green PCR Master Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) on an ABI 7300HT PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). Reactions were performed in a total volume of 20 µl consisting of 2 µl template (200 ng), 10 µl 2X SYBR Green Mix, 0.6 µl 200 nM forward and reverse primers, and 6 µl nuclease-free water. The primers were used as follows: 5'-GAGCATCACATTGCCAGGG-3' (mir-23b forward), 5'-GTGCAGGGTCCGAGGT-3' (mir-23b reverse), 5'-CTCGCTTCGGCAGCACATAT-3' (U6 forward) and 5'-TTGCGTGTCATCCTTGCG-3' (U6 reverse). All primers were purchased from Invitrogen; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). The PCR conditions were as follows: Initial denaturation at 95˚C for 5 min, followed by 45 cycles of 95˚C for 30 sec, 56˚C for 20 sec, and 72˚C for 30 sec. RNU6B (U6) was used as an internal control. The relative expression levels of miR-23b were normalized to the internal control U6, and were calculated using the 2 -ΔΔCq method (ΔCq = Cq miR-23b -Cq U6 ) (26) . Each experiment was conducted in triplicate.
DNA extraction, bisulfite conversion and methylation-specific PCR (MSP)
. DNA was isolated from tissue samples and CRC cells using DNeasy Blood & Tissue kit (Qiagen, Inc.). The extracted DNA was then subjected to bisulfite treatment, which was performed using the EpiTect Bisulfite kit (Qiagen, Inc.), according to the manufacturer's instructions. The amplification reaction was conducted under the following conditions: 95˚C for 5 min, then 46 cycles of 95˚C for 45 sec, 56˚C for 35 sec, 72˚C for 50 sec, and finally 10 min at 72˚C. The PCR products were visualized on 2% agarose gels.
Statistical analysis. The SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA) and Prism (GraphPad Software, La Jolla, CA, USA) was used to perform statistical analysis of results. The Wilcoxon t-test was used to compare the paired samples obtained from primary CRC tissues and adjacent non-cancerous colorectal tissues. The Mann-Whitney test was performed to compare the expression levels of miR-23b in plasma from CRC patients and healthy control individuals. The diagnostic performance of plasma miR-23b was assessed by receiver operating characteristic (ROC) curve analysis. The cut-off value (median of the expression level) was used to define the mir-23b expression status (low or high mir-23b). The association between the expression status of mir-23b and clinicopathological characteristics were determined by applying Fisher's exact test or χ 2 test, as appropriate. The overall survival time was determined as the time between the date of surgery and mortality, and was calculated using the Kaplan-Meier method. Differences between groups were compared using Log-rank test. Cox proportional hazard regression was used to estimate the univariate and multivariate analysis, and calculate hazard ratios (HRs) and 95% confidence intervals (CIs). All tests were two-tailed, and P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of miR-23b in primary CRC tissues and CRC cells.
To verify previous studies (24, 27 ) that reported downregulation of miR-23b in primary CRC, RT-qPCR was used to evaluate miR-23b expression in 10 paired CRC tissues and adjacent non-cancerous tissues. Additionally, the expression levels of miR-23b in 5 human CRC cell lines, consisting of the LoVo, SW480, HCT-116, HT-29 and Caco-2 cell lines, were also analyzed by RT-qPCR. As shown in Fig. 1A , the miR-23b expression levels were significantly downregulated in CRC tissues compared with non-cancerous tissues (0.016±0.004 vs. 0.086±0.019; P<0.001). The miR-23b expression levels were also significantly decreased in CRC cells compared with non-cancerous tissues (0.010±0.001 vs. 0.086±0.019; P<0.001; Fig. 1B) .
Methylation status of miR-23b in CRC.
Since previous studies have described that miR-23b is an epigenetic target in prostate cancer and glioma stem cells (16, 28) , the present study examined the methylation status of the miR-23b gene in the LoVo, SW480, HCT-116, HT-29 and Caco-2 cell lines, and two non-malignant colorectal tissue samples. As shown in Fig. 2A , the promoter region of the miR-23b gene was highly methylated in all 5 CRC cell lines, while it was highly unmethylated in non-malignant colorectal tissues. Furthermore, treatment with 5-Aza markedly increased miR-23b expression (Fig. 2B ) in the CRC cell lines. These results suggest that promoter methylation has an important role in the downregulation of miR-23b in CRC.
Expression of miR-23b in the plasma of patients with CRC.
Following validation of miR-23b expression in paired CRC tissues, the plasma expression level of miR-23b in 96 patients with CRC and 48 healthy control individuals was measured. The relative miR-23b expression level in plasma from patients with CRC was 0.010±0.009, which was significantly decreased compared with the healthy control individuals (0.053±0.041; P<0.001; Fig. 3A) .
To determine whether miR-23b expression can discriminate between patients with CRC and healthy control individuals, ROC analysis was performed. The optimal cut-off value for sensitivity and specificity was determined based on the highest 
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Youden's Index in ROC curve analysis. The area under the ROC curve (AUC) of 0.842 (sensitivity, 84.38%; specificity, 77.08%; 95% CI, 0.763-0.922) indicated that miR-23b expression can discriminate between patients with CRC and healthy control individuals (Fig. 3B) .
Association between the plasma miR-23b levels and the clinicopathological variables. The median value (0.007) of miR-23b expression in all CRC plasma samples, measured by RT-qPCR, was used as a threshold point to classify 96 patients into high-and low-miR-23b expression groups. The association between the plasma miR-23b expression level and the clinicopathological parameters of the patients with CRC is shown in Table I . The present results revealed that the miR-23b expression levels in the plasma of patients with CRC were not significantly associated with gender, age, histological type, lymph node metastasis or tumor location. The associations between the miR-23b expression level in the plasma and TNM stage (P= 0.007), tumor depth (P=0.041), distant metastasis (P<0.001) and recurrence (P<0.001) were all statistically significant.
Expression of plasma miR-23b and prognosis.
To determine whether miR-23b has prognostic significance, Kaplan-Meier survival analysis and Cox proportional hazard analysis were performed. As shown in Fig. 4 , Kaplan-Meier analysis showed that the high miR-23b group had a significantly increased overall survival rate compared with the low miR-23b group (P=0.005; Fig. 4A ). In addition, CRC patients with a high miR-23b level in plasma had a longer recurrence-free survival time compared with the low miR-23b patients (P=0.002; Fig. 4B ).
The association between clinicopathological parameters and expression level of miR-23b with the clinical outcome was also analyzed in patients with CRC. The Cox proportional hazard regression analysis showed that of age >60 years (P=0.005), increased TNM stage (P<0.001), increased tumor depth (P=0.001), presence of lymph node metastasis (P=0.007) Table I . Association between plasma miR-23b expression and clinicopathological variables in patients with colorectal cancer. and distant metastasis (P<0.001) were significant prognositic factors (Table II) . The low expression level of miR-23b was associated with a relative risk of death of 2.447 (95% CI, 1.392-4.301; P=0.002). Multivariate analysis was performed using age, TNM stage, tumor depth, lymph node metastasis, distant metastasis and the expression level of miR-23b. These data revealed that only age >60 years old (HR, 3.305; 95% CI, 1.628-6.709; P=0.001) and presence of distant metastasis (HR, 13.277; 95% CI, 6.844-25.758; P<0.001) were independently associated with a significantly increased risk of mortality (Table II) . The expression level of miR-23b in the plasma of CRC patients was not a significant independent risk factor.
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Discussion
In previous years, studies have demonstrated that detecting levels of plasma miRNAs in the blood is viable for clinical application (13) (14) (15) . Measurement of tumor-derived miRNAs in the plasma is an important approach for the blood-based detection of human cancer (12) . Numerous studies have indicated that plasma miRNAs have potential diagnostic or prognostic value in various types of tumors, including breast cancer (14) , leukemia (29) , gastric cancer (30), oral cancer (31) and colon cancer (32) .
miR-23b has been demonstrated to be involved in several tumor-associated biological process, particularly in tumor metastasis. For example, overexpression of miR-23b has been shown to inhibit migration in prostate cancer cells (16, 33) , and hepatocellular carcinoma cells (17) . In glioma, overexpression of miR-23b significantly inhibited cell migration and invasion while inhibition of miR-23b expression significantly increased migration (18) . Increased expression of miR-23b also inhibited proliferation in prostate cancer (16) , epithelial ovarian cancer (19) , and hepatocellular carcinoma, where it acts as a tumor suppressor by targeting the urokinase-type plasminogen activator and c-met (17) . In addition, miR-23b functions as a regulator for G0-G1 cell-cycle arrest (16, 34) . miR-23b was also found to regulate transforming growth factor-β/bone morphogenetic protein signaling and affected liver stem cell differentiation (35) . In colon cancer, Zhang et al demonstrated that miR-23b is downregulated in human colon cancer and mediates multiple steps of metastasis, including tumor growth, invasion and angiogenesis (24) . Therefore, it was hypothesized that quantitative measuring of miR-23b in the plasma may be a promising biomarker in CRC patients.
Firstly, the expression level of miR-23b in CRC cells and paired tissues from CRC patients was validated. A significantly Similarly, several studies have demonstrated that miR-23b expression is significantly downregulated in various types of tumor, including prostate, hepatocellular, bladder, endometrial carcinosarcoma and colon cancer (16, 17, (20) (21) (22) (23) (24) . Conversely, miR-23b is overexpressed in oral squamous cell carcinoma (36), glioma (37) and breast cancer (38, 39) . Tissue specificity may be the reason of differential expression of miR-23b in cancers. Additionally, considering promoter methylation plays a role in the downregulation of miR-23b in prostate cancer (16) , the MSP method was applied to analyze the methylation status of miR-23b in CRC. miR-23b was highly methylated in CRC cells, but it was unmethylated in non-malignant tissues. To further analyze whether methylation of the miR-23b promoter regulates its expression, cancer cell lines were treated with the demethylating agent 5-Aza. Subsequent to 5-Aza treatment, miR-23b expression was significantly upregulated in all 5 cell lines. These results indicate that methylation of the miR-23b promoter directly regulates its transcriptional repression in CRC cells.
RT-qPCR demonstrated that miR-23b was significantly downregulated in plasma from CRC patients compared with healthy controls. Based on the ROC curve analysis, the plasma level of miR-23b had a clinically satisfactory degree of specificity and sensitivity with an AUC of 0.842, suggesting that miR-23b expression can discriminate CRC from healthy controls and potentially be used as a diagnostic marker for CRC. In addition to the present study, miR-23b expression also distinguishes between normal and bladder cancer tissues with an AUC of 0.885 (16) . The diagnostic value of plasma miR-23b for cancer requires additional study in a large trial. The present findings revealed that the miR-23b expression in plasma was significantly associated with TNM stage, tumor depth, distant metastasis and tumor recurrence. Similarly, low miR-23b expression associates with the development of metastases in breast cancer (40) and colon cancer lung metastasis (24) . Low expression of miR-23b in plasma was significantly associated with poor overall survival and shorter recurrence-free survival in CRC patients. These results were consistent with previous studies of bladder cancer (16) , ovarian cancer (19) and prostate cancer (21). Therefore, miR-23b may potentially be a powerful prognostic marker for cancer patients.
In conclusion, miR-23b is epigenetically downregulated in CRC and the present data suggest a potential diagnostic and prognostic value of plasma miR-23b levels in discriminating between patients with malignancy and healthy individuals, and also for predicting overall survival for patients with CRC. A B
